Context. Accretion of gas from the intergalactic medium is required to fuel star formation in galaxies. We have recently suggested that this process can be studied using host galaxies of gamma-ray bursts (GRBs). Aims. Our aim is to test this possibility by studying in detail the properties of gas in the closest galaxy hosting a GRB (980425 flux indicates high radiation field and gas density at these positions, as derived from Photo Dissociation Region modelling. The [C ii]/CO luminosity ratio of the GRB 980425 host is close to the highest values found for local star-forming galaxies. Indeed, its CO-derived molecular gas mass is low given its SFR and metallicity, but the [C ii]-derived molecular gas mass is close to the expected value.
Introduction
One of the most important aspects of the evolution of the Universe is how galaxies acquire gas which fuels star formation. Numerical galaxy-formation models require significant gas inflows from the intergalactic medium (IGM) to fuel star formation (e.g. Schaye et al. 2010) , and indeed the current gas reservoirs in many galaxies are too low to sustain the current level of star formation, even for normal galaxies like the Milky Way (e.g. Draine 2009 ). However, despite many indirect evidence for gas inflows (e.g. Sancisi et al. 2008; Sánchez Almeida et al. 2013 , 2014b Stott et al. 2013; Wang et al. 2015) , they have been claimed to be observationally detected in only a handful of galaxies (Ribaudo et al. 2011; Martin et al. 2014;  ⋆ Herschel is an ESA space observatory with science instruments provided by European-led Principal Investigator consortia and with important participation from NASA. Micha lowski et al. 2015; Turner et al. 2015; Rauch et al. 2016) , including host galaxies of long (duration > 2 s) gamma-ray bursts (GRBs).
GRBs are explosions of very massive and short-lived stars (e.g. Hjorth et al. 2003; Stanek et al. 2003 ; for a review see Hjorth & Bloom 2012) , so they pinpoint locations of recent star formation. Star formation is usually assumed to be fuelled by molecular gas (Carilli & Walter 2013; Rafelski et al. 2016 ), but several GRB host galaxies show a deficit in molecular gas (H 2 ; Hatsukade et al. 2014; Stanway et al. 2015b) , which is unusual for galaxies with normal star formation rates (SFRs; unlike for extreme starbursts). This deficiency is not due to a high COto-H 2 conversion factor (which happens at low metallicity; Bolatto et al. 2013) , as CO-targeted GRB hosts have metallicities 12 + log(O/H) ∼ 8. 7-9.0 (Castro-Tirado et al. 2007 ; Levesque et al. 2010b; Stanway et al. 2015a) , using the calibrations of Pagel et al. (1979) , Kewley & Dopita with the position and numbers of the PACS spaxels indicated. The panel is 60 ′′ × 60 ′′ (11 kpc × 11 kpc). The blue and red circles show the position of the GRB and the WR region, respectively. Green circle shows the APEX beam for the CO(2-1) observations.
(2002), Pettini & Pagel (2004) , and Maiolino et al. (2008) , close to the solar metallicity of 12 + log(O/H) ∼ 8.66 (Asplund et al. 2004) . Moreover, optical spectroscopy of GRB afterglows implies that the molecular phase constitutes only a small fraction of the gas along the GRB line-of-sight (Vreeswijk et al. 2004; Fynbo et al. 2006; Tumlinson et al. 2007; Prochaska et al. 2009; D'Elia et al. 2010 D'Elia et al. , 2014 Krühler et al. 2013; Friis et al. 2015) . On the other hand the Australia Telescope Compact Array (ATCA) 21 cm line survey of GRB host galaxies revealed high levels of atomic hydrogen (H i), suggesting that the connection between atomic gas and star formation is stronger than previously thought . Star formation may directly be fuelled by atomic gas, as has been theoretically shown to be possible (Glover & Clark 2012; Krumholz 2012; Hu et al. 2016) , and supported by the existence of H i-dominated starforming regions in other galaxies (Bigiel et al. 2008 (Bigiel et al. , 2010 Fumagalli & Gavazzi 2008; Elmegreen et al. 2016 ). This can happen in a recently-acquired low metallicity gas (even if the metallicity in other parts of a galaxy is higher) near the onset of star formation, because cooling of gas (necessary for star formation) is faster than the H ito-H 2 conversion (Krumholz 2012) . Indeed, large atomic gas reservoirs, together with low molecular gas masses (Hatsukade et al. 2014; Stanway et al. 2015b ) and stellar masses Vergani et al. 2015) , indicate that GRB hosts are preferentially galaxies which have very recently started a star formation episode, providing a natural route for forming GRBs in low-metallicity environments, as found for most GRB hosts (Fruchter et al. 2006; Modjaz et al. 2008; Levesque et al. 2010a; Han et al. 2010; Boissier et al. 2013; Schulze et al. 2015; Vergani et al. 2015; Japelj et al. 2016; Perley et al. 2016 ), except of a few examples of hosts with solar or super-solar metallicities (Prochaska et al. 2009; Levesque et al. 2010b; Krühler et al. 2012; Savaglio et al. 2012; Elliott et al. 2013; Schulze et al. 2014; Hashimoto et al. 2015; Schady et al. 2015; Stanway et al. 2015a) . Indeed, the GRB collapsar model requires that most of the GRB progenitors have low metallicity (below solar) in order to reduce the loss of mass and angular momentum (required for launching the jet; Yoon et al. 2006; Woosley & Heger 2006) . We note however, that other models, while still predicting the metallicity preference (e.g. Izzard et al. 2004; Podsiadlowski et al. 2004; Detmers et al. 2008) , do allow higher metallicities thanks to differential rotation (Georgy et al. 2012) , binary evolution (Podsiadlowski et al. 2010; van den Heuvel & Portegies Zwart 2013) , or weaker magnetic fields (Petrovic et al. 2005) .
Summarising the ATCA H i data support a scenario whereby GRBs are preferentially produced when lowmetallicity gas accretes onto a galaxy and undergoes rapid cooling and star formation before it either forms H 2 or mixes with the higher-metallicity gas in the remainder of the galaxy. This scenario provides a natural explanation for the low-metallicity and low-M H2 preferences. In contrast, at later stages of star formation molecular gas is the dominant phase in the interstellar medium, but the metals are well mixed, and gas has been further enriched, so massive stars do not end their lives as GRBs, and such metal-and molecular-rich galaxies do not become GRB hosts.
The gas inflow scenario is also supported by the existence of the companion H i object with no optical counterpart ∼ 19 kpc from the GRB 060505 host, which may be a stream of gas inflowing on this galaxy, and by the fact that the H i centroids of the GRB 980425 and 060505 hosts do not coincide with the optical centres of these galaxies, but are located close to the GRB positions . The concentration of H i close to the GRB 980425 position has been confirmed with high-resolution H i imagining by the Giant Metrewave Radio Telescope (GMRT; Arabsalmani et al. 2015 ). Notes.
(1) The entire host or the spaxel number. Columns (2)- (6) concern the [C ii] and (7)- (11) Here, we test the gas inflow scenario by investigating in detail the properties of gas in the GRB 980425 host. GRB 980425 at redshift z = 0.0085 (Tinney et al. 1998) and its associated supernova SN 1998bw (Galama et al. 1998 ) is the closest GRB, and is located in the barred spiral galaxy ESO 184-G82. Hence, it is one of the few GRB hosts for which resolved gas properties can be studied. Of particular importance is a Wolf-Rayet (WR) region ∼ 800 pc northwest of the GRB/SN position (Hammer et al. 2006) , dominating the galaxy's emission at 24 µm (Le Floc'h et al. 2006) , 100 µm and radio ). This region is young (1-6 Myr; Hammer et al. 2006; Christensen et al. 2008) , and exhibits the lowest metallicity among star-forming regions within the host with 12 + log(O/H) = 8.16, i.e. 0.3 solar (Christensen et al. 2008) , using the calibration of Pettini & Pagel (2004) compared with 12+log(O/H) = 8.6, i.e. 0.8 solar for the entire host, using the calibration of Kewley & Dopita (2002) .
We use a cosmological model with H 0 = 70 km s
and Ω m = 0.3, so GRB 980425 at z = 0.0085 is at a luminosity distance of 36.5 Mpc and 1 ′′ corresponds to 175 pc at its redshift.
Data
We obtained Herschel ( Data reduction for PACS was performed in the Herschel Imaging Processing Environment (Hipe; Ott 2010) v12.1.0 with version 65.0 of the PACS calibration tree and uses the Ipipe Background Normalization script for Chop/Nod Range Scan data, which is optimised for faint sources by using off-source positions in the background subtraction and flux calibration. To avoid introducing correlated noise we set the upsample factor to 1 during flatfielding, and to minimise signal losses we also masked the spectral regions where spectral lines are expected during this process. The final spectra are binned to be Nyquist sampled at the native PACS resolution.
We also performed CO(2-1) observations of the GRB 980425 host on 29 Aug (precipitable water vapour [pwv] size is 27 ′′ (∼ 4.8 kpc at the distance of the GRB). All observations were completed in the on-off pattern and the position-switching mode. The fluxes were corrected using the main beam efficiency of 0.75. We reduced and analysed the data using the Continuum and Line Analysis Single Dish Software (Class) package within the Grenoble Image and Line Data Analysis Software 2 (Gildas; Pety 2005). We performed Band 3 ALMA observations on 1 Sep 2012 (project no. 2011.0.00046.S, PI: M. Micha lowski). A total of 67.4 min of on-source data were obtained. Four 1.875 GHz spectral windows were centred at 100. 6, 102.4, 112.5, and 114.3 GHz. Twenty three antennas and baselines ranging between 24 and 384 m were available. Neptune, J1733-130, and J1945-552 were used as flux, bandpass, and phase calibrators, respectively. The amount of precipitable water vapour ranged between 1.8-2.15 mm. The data reduction and analysis were done using the Casa package (McMullin et al. 2007 ). The original spectral resolution was ∼ 488 kHz (∼ 1.3 km s −1 ). The continuum map was presented in Micha lowski et al. (2014b) , whereas here we present a data cube at the frequency of the CO(1-0) line (114.288 GHz) binning 10 channels resulting in spectral resolution of ∼ 4.9 MHz (corresponding to ∼ 13 km s −1 ). The synthesised beam of the cube is ∼ 1.7 ′′ .
Methods
We obtained three estimates of SFRs. First, we calculated 100 µm fluxes within each spaxel using the Herschel/PACS map presented in Micha lowski et al. (2014b) , and converted them to total (8-1000 micron) infrared (IR) luminosities using the spectral energy distribution (SED) model of the WR region in the GRB 980425 host , and to SFRs using the Kennicutt (1998) conversion for the Chabrier (2003) initial mass function
We probe close to the peak of the SED, so if we used other templates (e.g. Silva et al. 1998; Iglesias-Páramo et al. 2007; Micha lowski et al. 2008 Micha lowski et al. , 2010a (Pound & Wolfire 2008; Kaufman et al. 2006) 3 with the addition of our own routine to extract errors on density and radiation field intensity from twodimensional χ 2 distributions. In this way we derived the gas density, n, and the ultraviolet (UV) strength of the radiation field, G 0 in the unit of the radiation field strength in the solar neighbourhood of 1.6 × 10 −3 erg s −1 cm −2 (or Habing unit; Habing 1968) .
We estimated the molecular gas mass from the CO(2-1) line assuming the flux conversion S CO(1−0) = 0.5×S
, assuming the Galactic CO-to-H 2 conversion factor α CO = 5M ⊙ /(K km s −1 pc 2 ). Finally, we estimated the molecular gas mass from the [C ii] line using the [C ii]/CO(1-0) luminosity ra- Individual spaxels Entire host Local galaxies (Malhotra01) Fig. 5 . Gas density vs. interstellar radiation field obtained from the PDR modelling. Red circles denote PACS spaxels, blue square denotes the entire host, whereas plus signs represent normal local galaxies (Malhotra et al. 2001) . The WR region (spaxel 11) exhibits high inferred radiation field and density.
tio of around 5000, typical for star-forming galaxies (Crawford et al. 1985; Wolfire et al. 1989; Stacey et al. 1991 Stacey et al. , 2010 Swinbank et al. 2012; Rigopoulou et al. 2014; Gullberg et al. 2015; Hughes et al. 2016) . As noted by Neri et al. (2014) , the luminosities of these lines expressed in brightness temperature units, L ′ (K km s −1 pc 2 ), are approximately equal (within a factor of two). Hence, we sub- 
Results
The resulting [C ii] and [O i] spectra in each PACS spaxel are presented in the top row of Fig. 2 , whereas the summed spectra of the entire galaxy are shown in Fig. 3 . The integrated fluxes were measured within inner dotted lines, and the errors within the outer lines excluding the inner region. Fluxes and luminosities are presented in Table 1 . The flux spatial distributions are shown in the middle row of Fig. 2 . The [C ii] flux distribution follows a normal radial dependence with the brightest spaxel at the center of the galaxy. In contrast, most of the [O i] flux is not at the galaxy centre, but is concentrated close to the WR region (spaxel 11).
The [C ii] and [O i] line and line-to-continuum ratios of all spaxels and the entire host are shown in Fig. 4 , and compared with local normal star-forming galaxies (Malhotra et al. 2001 ), dwarf galaxies (Cormier et al. 2015) from the Dwarf Galaxy Survey (Madden et al. 2013 ) and the Large Magellanic Cloud (LMC; Poglitsch et al. 1995; Israel et al. 1996) [C ii] luminosity as a function CO(1-0) luminosity of individual spaxels (red arrows), the entire GRB 980425 host (blue square), local galaxies (plus signs, diamonds, and crosses; Stacey et al. 1991; Crawford et al. 1985) and the LMC (green diamond; Israel et al. 1996) . The GRB 980425 host has an elevated [C ii]/CO ratio compared with local galaxies.
The results of the PDR modelling are shown in the bottom row of Fig. 2 and in Fig. 5 . The derived densities and radiation field strengths together with SFRs and molecular gas masses are presented in Table 2 . Spaxel 11 has the highest [O i]/[C ii] luminosity ratio (∼ 1.7) among all regions in the host, which leads to the highest radiation field of G 0 ∼ 1000. Spaxels near the WR regions in the southwestern part of the galaxy (number 11, 22, 31) have also the highest densities in excess of 1000 cm −3 . Fig. 6 shows the SFRs derived using luminosities of emission lines:
De Looze et al. 2014) and Hα (as reported by Sollerman et al. 2005; Christensen et al. 2008 ) as a function of SFRs derived from total IR (8-1000 µm) continuum emission. All line estimates are ∼ 1.5-6 times larger than the IR estimates (and also than the UV estimate; see Micha lowski et al. 2014b) . This is robust, because we are comparing the line estimates to the relatively high value of 0.26 M ⊙ yr −1 obtained by SED modelling in Micha lowski et al. (2014b) . If we used the calibration of Kennicutt (1998) , then we would obtain 0.1 M ⊙ yr −1 , whereas that of Murphy et al. (2011, their eq. 18 Sargsyan et al. (2012) , then for the entire host we would obtain SFR [C ii] ∼ 0.465 ± 0.023 M ⊙ yr −1 , also a factor of ∼ 1.7 higher than the IR estimate. In contrast, the calibration of Herrera-Camus et al. (2015) gives SFR [C ii] ∼ 0.115 ± 0.005 M ⊙ yr −1 , lower than SFR IR . It is unclear why this calibration is a factor of ∼ 6 lower than that of De Looze et al. (2014) . Yet, we will use the latter given the larger sample size it is based on (530 vs. 46), and because the [C ii]/FIR luminosity ratio of the GRB 980425 host is indeed larger than that of other galaxies (Fig. 4) , so it is expected that SFR [C ii] > SFR IR .
The APEX CO(2-1) spectrum of the entire host is shown in Fig. 3 and the CO flux, luminosity and the resulting molecular gas mass are presented in Table 3 . The CO-derived molecular mass of ∼ 5.4 × 10 7 M ⊙ is lower than the [C ii]-derived molecular mass of ∼ 1.3 × 10 8 M ⊙ (both estimates are based on a similar area over which the emission is summed, see Fig. 1 ).Both estimates are lower than the upper limit of 3 × 10 8 M ⊙ derived by Hatsukade et al. (2007) . Fig. 7 demonstrates the high [C ii]/CO(1-0) luminosity ratio of the GRB 980425 host compared with local galaxies (Crawford et al. 1985; Stacey et al. 1991) .
The ALMA CO(1-0) spectra extracted from the extents of PACS spaxels are shown in Fig. 9 , whereas the spectrum of the WR region extracted within a 1.7
′′ radius aperture is shown in Fig. 10 . No significant emission is detected, so 
. [C ii]-to-continuum (top), [O i]-to-continuum (middle), and [O i]-to-[C ii] (bottom) luminosity ratios as a function of FIR luminosity (40-120 µm).
Red circles denote PACS spaxels, blue square denotes the entire host, whereas plus signs, crosses and green diamonds represent normal local galaxies (Malhotra et al. 2001 ), dwarf galaxies (Cormier et al. 2015) , and the Large Magellanic Cloud (the point at a lower luminosity is 30 Doradus and that at the higher luminosity is the entire galaxy; Poglitsch et al. 1995; Israel et al. 1996) . The GRB 980425 host has elevated [C ii]/FIR and [O i]/FIR ratios for its FIR luminosity.
we measured fluxes within 40 km s −1 width (the H i velocity width at a given position; fig. 5 of Arabsalmani et al. 2015) at the frequency giving the highest conservative upper limit. These frequencies are shown as dotted lines on Figs. 9, and 10. Fig. 3 shows the CO(1-0) spectrum of the entire host extracted within the region marked in Fig. 1 as a green circle. However, this region has a diameter of ∼ 27 ′′ , whereas our ALMA observations are not sensitive to smooth emission extended over scales of more than ∼ 11 ′′ . Hence, if such emission is present, then our CO(1-0) flux of the entire host is underestimated. Indeed the integrated flux ratio of S CO(2−1) /S CO(1−0) > 10 (2σ) is indeed higher than that of any other galaxy (Carilli & Walter 2013) , so our ALMA observations do not seem to probe the main emission component in the GRB 980425 host. The CO(1-0) fluxes, luminosities, and the resulting molecular gas masses are listed in Table 4 . Again, Fig. 7 shows high [C ii]/CO luminosity ratio of the spaxels which are detected at [C ii].
The resulting star formation efficiency (SFE) is
). This is higher than the average for local spirals of ∼ (48 ± 7) L ⊙ /(K km s −1 pc 2 ) derived by Daddi et al. (2010, their fig. 13 ), close to the top-end of the distribution. Together with three GRB hosts reported to be CO-deficient (Hatsukade et al. 2014; Stanway et al. 2015b) , the picture emerges that GRB hosts exhibit the lowest CO luminosities among star-forming galaxies, given their SFRs. On the other hand, if we assume that [C ii] is a good tracer of molecular gas,
, in agreement with local galaxies.
In order to quantify further the potential moleculargas deficiency of the GRB 980425 host, we used the relation between the metallicity, atomic gas and molecular gas for dwarf galaxies provided by Filho et al. (2016, their section 4) , based on the calibration of Amorín et al. (2016) : log(M H2 ) = 1.2 log(M HI ) − 1.5 × [12 + log(O/H) − 8.7] − 2.2. For its atomic gas mass log(M HI /M ⊙ ) ∼ 8.849 and metallicity 12 + log(O/H) ∼ 8.6 , the GRB 980425 host should have M H2 ∼ 4 × 10 8 M ⊙ , ∼ 7 times higher than the CO estimate (Table 3 ) and ∼ 3 times higher than the [C ii] estimate (Table 2) . Hence, the GRB 980425 host has a low molecular gas mass for its atomic gas mass and metallicity. A similar conclusion can be obtained from the relation between SFR, CO luminosity and metallicity presented in Hunt et al. (2015, their fig. 5 ): log(SFR/L ′ CO ) = −2.25 × [12 + log(O/H)] + 11.31. According to this relation SFR/L ′ CO of the GRB 980425 host should be equal to 9.1 × 10 −9 M ⊙ yr −1 /(K km s −1 pc 2 ), whereas using SFR IR the measured value is ∼ 2.5 times higher: 24 ± 9 × 10 −9 M ⊙ yr −1 /(K km s −1 pc 2 ), indicating low CO luminosity for its SFR and metallicity. 
3) and the Galactic CO-to-H2 conversion factor αCO = 5M⊙/(K km s −1 pc 2 ). Table 3 . APEX CO(2-1) line fluxes and luminosities. (Fig. 6) ; ii) its [C ii] emission exhibits a normal radial profile, whereas [O i] emission is concentrated close to the WR region (Fig. 2) , leading to high inferred radiation field and density (Fig. 5) . iii) its CO luminosity is at the lower end of the distribution for other galaxies, leading to an elevated [C ii]/CO ratio ( Fig. 7) and M H2 derived from CO lower by a factor of ∼ 2 than that inferred from [C ii].
All these observables can be explained by the hypothesis presented in Micha lowski et al. (2015) that this galaxy in particular, and possibly most GRB hosts, experienced a very recent inflow of atomic gas triggering star formation. Indeed, H i is concentrated close to the position of the WR region (our spaxels 11, 12, 21; Arabsalmani et al. 2015) . In this scenario the newly-acquired atomic gas quickly becomes cool and dense, leading to intense star formation (giving rise to the birth of the GRB 980425 progenitor), and explaining the high [O i] and high derived radiation field and density. The accretion event disturbs the gas reservoir in other parts of the galaxy as well, so the total SFR and ionised carbon emission are enhanced. However, dust has not had time to build up and the reprocessing of stellar emission by dust is much slower (see below), so the Table 4 . ALMA CO(1-0) line fluxes and luminosities of each spaxel and the WR region. Notes.
(1) The entire host, the WR region, or the spaxel number. (6) Line luminosity using equation 3 in Solomon et al. (1997) . (7) Molecular gas mass estimated assuming the Galactic CO-to-H2 conversion factor αCO = 5M⊙/(K km s −1 pc 2 ).
infrared emission is still low giving rise to high [C ii]/FIR and SFR [C ii] /SFR IR ratios. We note that high gas densities close to the GRB position (Fig. 5) are consistent with the conclusion of Micha lowski et al. (2014b) based on the properties of the WR region. FIR spectroscopy of other GRB hosts is needed to test whether high density and radiation field is a condition necessary for GRB explosions.
Our [C ii] and [O i] maps are not of enough resolution to investigate the spatial distribution of the resulting specific SFR (sSFR ≡ SFR/M * ). However, stellar mass is distributed relatively smoothly across the host, and in particular the WR region does not have an exceptionally high or low mass (Christensen et al. 2008; Micha lowski et al. 2009 ). Hence, SFR and sSFR distributions based on Hα emission are very similar (Christensen et al. 2008) .
Our data allows us to estimate the timescale of the required gas inflow. The line emission (
is connected with the most massive (O type) stars, so it traces very recent star formation, happening during the last ∼ 10 Myr. On the other hand, UV, IR and radio emission traces the average SFR over the last ∼ 100 Myr (Kennicutt 1998) , so the continuum emission is relatively insensitive to the enhancement in star formation due to very recent gas inflow. Hence, our hypothesis requires the inflow to happen at most a few tens of Myr ago, in order that the line SFR indicators still give higher values than the continuum ones.
The timescale of less than a few tens of Myr is consistent with the estimates of the age of the GRB progenitor for GRB 980425 in particular, and for all GRBs in general. Sollerman et al. (2005) obtained the stellar age of the region in which GRB 980425 exploded of ∼ 6 Myr, which is consistent with the timescale we propose for the trigger of star formation. Similarly, if the progenitor of GRB 980425 was a runaway star expelled from the WR region (Hammer et al. 2006; van den Heuvel & Portegies Zwart 2013) , then it would need only ∼ 3-6 Myr to reach its explosion site assuming a reasonable kick velocity of ∼ 130-260 km s −1 . Similar ages of stellar progenitors were derived for other GRBs Östlin et al. 2008) .
On the other hand, the free-fall time is
where G is the gravitational constant, ρ is gas density, and n is the number density for which we assumed ρ = nm p , where m p is the proton mass (i.e. assuming atomic gas only). For our measured density of n ∼ 1000 cm −3 (Fig. 5  and Table 2 ) the free-fall time is a few Myr. Star formation starts after one to a few t ff , so if, as proposed above, the inflow happened a few tens of Myr ago, then this is long enough for star formation to start.
We investigate the relation between SFRs of other GRB hosts derived from line and continuum emission in Fig. 8 In 20 out of 32 cases the line SFR is higher than the continuum SFR. The mean ratio of the SFR derived from line indicators to that from the continuum indicator is 1.74 ± 0.32. This is consistent with a very recent enhancement of star formation (reflected in stronger line emission, but not influencing the continuum yet) being common among GRB hosts. Hence, galaxies which have recently experienced inflow of gas may preferentially host stars exploding as GRBs. This may be due to the GRB metallicity bias favouring metalpoor environments Yoon et al. 2006; Woosley & Heger 2006; Piranomonte et al. 2015; Schulze et al. 2015; Trenti et al. 2015; Vergani et al. 2015; Japelj et al. 2016; Perley et al. 2016) . Hence the accretion of the metal-poor gas from the intergalactic medium is likely required to produce regions with low enough metallicity. Therefore GRBs may be used to select unique samples of galaxies suitable for the investigation of recent gas accretion.
The line and continuum indicators have been calibrated so that they are consistent with each other on average for star-forming galaxies (see e.g. Wijesinghe et al. 2011; Davies et al. 2016; Wang et al. 2016) , so the higher linebased SFRs of GRB hosts are not due to systematic effects. Our interpretation of strong line emission is consistent with the investigation of other galaxies. The influence of the star formation history on the measured SFRs with various indicators was investigated by Guo et al. (2016) , who interpreted low far-UV-to-Hα SFR ratio of star-forming galaxies as a sign of recent starburst, because this ratio anti-correlates with specific SFR measured with Hα (their fig. 6 , see also Sullivan et al. 2000; Iglesias-Páramo et al. 2004; Boselli et al. 2009; Lee et al. 2009; Meurer et al. 2009; Fumagalli et al. 2011; Weisz et al. 2012; da Silva et al. 2014) . Micha lowski et al. (2015) proposed that star formation may proceed directly in the accreted atomic gas before the conversion to molecular gas. This is possible, because the cooling timescale is much shorter than the H i-to-H 2 conversion timescale, so just after the atomic gas is accreted it can start forming stars before it converts to the molecular phase (Glover & Clark 2012; Krumholz 2012; Hu et al. 2016) . As a result, molecular gas mass of GRB hosts is lower than what would be expected from their SFRs (which is partially fuelled by atomic gas).
Alternative explanations
Here we provide arguments that alternative explanations for our data are less likely.
High SFR/CO, [C ii]/CO and H i/CO ratios are usually found at low metallicities (1/6-1/5 solar or below; Poglitsch et al. 1995; Israel et al. 1996; Madden et al. 1997; Madden 2000; Rubin et al. 2009; Cormier et al. 2010; Hunt et al. 2014b Hunt et al. , 2015 Amorín et al. 2016) , so the GRB 980425 host in principle might be a normal metal-poor dwarf. However, its average metallicity is 12 + log(O/H) ∼ 8.6 or ∼ 0.8 solar , so it is difficult to advocate that its properties are due to metallicity effects. Indeed, as shown in the previous section, the GRB 980425 host has a low molecular gas mass even taking into account its metallicity. Moreover, the [C ii]/FIR and [O i]/FIR ratios of the GRB 980425 host are higher than those of other local dwarf galaxies with similar FIR luminosity (Fig. 4) . Fig. 9 . ALMA CO(1-0) spectra of all spaxels. The integrated fluxes were measured within inner dotted lines. They are different for different spaxels, because for each one we conservatively selected a 40 km s −1 region which gives the highest flux upper limit.
Another possibility is that the GRB 980425 host is at the end of a star-formation episode, which would imply molecular gas dissipation (hence weak CO emission) by massive stars (Hatsukade et al. 2014; Stanway et al. 2015b ). However, in that case the WR region, which is forming stars most intensely, would be the most metalrich and dust-free, because dust would be destroyed together with molecular gas. On the contrary, the WR region is metal-poor (Christensen et al. 2008 ) and dusty . Moreover, if star formation activity was going down, then the [C ii], [O i] and Hα emission would decrease almost instantaneously, whereas infrared emission would need a longer time to react. This would result in a lower (or at most equal) SFR line than SFR IR , contrary to observations (Fig. 6) . The dust heating from older low-mass stars would make this effect even stronger. In order to explain the H i concentration close to the WR region and the disturbed H i velocity field in the GRB 980425 host Arabsalmani et al. (2015) invoked a minor merger scenario. This is actually not much different than our atomic gas inflow scenario, because an H idominated dwarf galaxy merging with the host is conceptually close to what we call an infalling H i cloud. However, we do not see the enhancement of [C ii] close to the position of the WR region (similar to the H i concentration), so in the merger scenario the smaller galaxy needs to be relatively un-evolved, so it does not bring significant amount of carbon. high radiation field and gas density at these positions, as derived from Photo Dissociation Region modelling. The [C ii]/CO luminosity ratio of the GRB 980425 host is close to the highest values found for local star-forming galaxies. Indeed, its CO-derived molecular gas mass is low given its SFR and metallicity, but the [C ii]-derived molecular gas mass is close to the expected value.
Conclusions
The [O i] and H i concentrations as well as the high radiation field and density close to the GRB position are consistent with the hypothesis of a very recent (at most a few tens of Myr ago) inflow of atomic gas triggering star formation. In this scenario dust has not had time to build up (explaining high line-to-continuum ratios). Such a recent enhancement of star-formation activity would indeed manifest itself in high SFR line /SFR continuum ratios, because the line indicators are sensitive only to recent (< 10 Myr) activity, whereas the continuum indicators measure the SFR averaged over much longer periods (∼ 100 Myr). We found similarly high SFR ratios for other GRB hosts. This is consistent with a very recent enhancement of star formation being common among GRB hosts, so galaxies which have recently experienced inflow of gas may preferentially host stars exploding as GRBs. Therefore GRBs may be used to select unique samples of galaxies suitable for the investigation of recent gas accretion.
